Abstract
Introduction

2
Energy is a fundamental requirement for all living organisms and its production typically requires 3 fuels (metabolites) and oxygen. Heart is a most sensitive organ to energy supply and production.
acetyl-group to histone residues for histone acetylation 8, 9 . Manipulation of acetyl-CoA, either by 24 intervention of synthetic enzymes, or nutrient source could alter histone acetylation in various 25 cell types [9] [10] [11] [12] . In particular, acetyl-CoA induces metabolic adaptations through regulating histone
26
acetylation in response to starving or hypoxia conditions 13, 14 . Myocardial ischemic reperfusion
27
(I/R) injury causes dramatic metabolism changes and subsequent histone deacetylation.
28
Importantly, inhibition of histone deacetylation activity protects heart function after I/R injury [15] [16] [17] 
29
and inhibits cardiac remodeling and heart failure 18 . Thus, the intersection of acetyl-CoA-
30
mediated metabolism and histone acetylation is very likely a novel hub for identifying targets for 31 heart repair.
33
In this study, we set out to identify an interlinked metabolic and epigenetic network that would 34 produce acetyl-CoA for histone acetylation and gene regulation, which could in turn promote
35
heart repair and protection after I/R injury. We investigated various carbon sources for acetyl-
36
CoA synthesis in heart repair. Among them, we found that octanoic acid (8C) showed most perpendicularly to the long axis of the ventricle. Ejection fraction (EF) and fractional shortening
18
(FS) were calculated according to LVIDd and LVIDs.
19
Triphenyltetrazolium chloride (TTC) staining
20
The hearts were frozen rapidly and sliced into five 2 mm transverse sections. 
41
NRVM were isolated from postnatal day 1 SD rats as previously described. NRVM were cultured in 5% horse serum for 2 days then changed into serum free medium. For sI/R, cells
43
were cultured in ischemic medium 16 and subjected to hypoxia in a chamber with 94% N 2 ,1% O 2 ,
44
5% CO 2 . After 2 hours of hypoxia, the cells were then reperfused in DMEM for 4 hours in serum
45
free medium at 95% air and 5% CO 2 .
46
Measurement of Acetyl-CoA
Acetyl-CoA was measured using acetyl-CoA assay kit (biovision) according to the manufacturer's instructions. For tissues, hearts were weighted and pulverized, then subjected to supernatant was neutralized by 3M KHCO 3 . The supernatant was then measured acetyl-CoA 
28
For in vivo staining, heart tissues were embedded in OCT immediately after harvested. Tissues
29
were then sectioned at 20 µm. 5µM of DHE solution was directly apply to sections for 30 
30
minutes at 37°C. After 3 washes of PBS, the sections were mounted and observed under the 31 microscope.
32
ChIP
33
ChIP experiments were performed as previously described 24 . Cells were fixed in 1% 
40
Statistical analysis
and more than two groups were performed by two-way or one-way ANOVA followed by posthoc
Results
2
Swift acetyl-CoA generating metabolites acetate, pyruvate, and octanoic acid protected 3 heart function after I/R injury 4 5 Myocardial infarction induces dramatic metabolic and epigenetic changes including decrease of 6 acetyl-CoA synthesis and histone acetylation 25, 26 . Consistent with this observation, we found acetate (500 mg/kg) 27 , pyruvate (500 mg/kg) 28 , citrate (500 mg/kg), octanoic acid (8C, 160 11 mg/kg) 29 and nonanoate acid (9C, 200 mg/kg) 29 . The infarct size was measured by 12 tripheyltetrazolium chloride (TTC) staining at 24 hours after I/R ( Figure 1A) . Surprisingly, these 
17
CoA with specific metabolites for heart repair after I/R.
19
Administration of 8C at reperfusion improved short-term and long-term cardiac function
20
after I/R
22
Because 8C administration resulted in the most dramatic protection among all the metabolites 
31
These results indicated that 8C significantly improve cardiac function by approximately 40%. To
32
investigate whether a single dose of 8C administration is beneficial for long-term cardiac 33 function after I/R, we examined the infarct size and heart function at 4 weeks after I/R.
34
Trichrome Masson staining showed that the infarct size was notably reduced after 8C treatment 
40
8C attenuated cardiomyocyte apoptosis through alleviating oxidative stress.
42
Apoptosis is one of the major reasons for cardiac damage after I/R injury 30 . To detect the impact
43
of 8C on cardiomyocyte apoptosis, TUNEL was performed at the border zone of I/R hearts. 8C 
45
Consistent with the TUNEL assay, the protein levels of cell death indicators serum CK and LDH
46
were also reduced in I/R rats after 8C administration ( Figure 2C-2D) . Moreover, 8C led to reduction in pro-apoptotic regulator Bax and upregulation of anti-apoptotic gene Bcl2 at 24
hours after I/R injury ( Figure 2E ). To study the mechanism of the beneficial effect of 8C after I/R, GSEA 23 showed that genes involved in apoptotic signaling pathways were enriched in saline-treated compared to 8C-treated rats after I/R ( Figure 2F ). Specifically, I/R reduced the 1 expression of anti-oxidative stress enzymes such as SOD1, SOD2, SOD3 and CAT, while 8C 2 restored the expression of these genes ( Figure 2G ). Since I/R induced oxidative stress triggers CM apoptosis after reperfusion 31 , it is likely that 8C reduced cell death by activating anti-oxidant 4 process after I/R injury. To address this, we measured the level of cardiac reactive oxygen 5 species (ROS) after I/R by staining of dihydroethidium (DHE), a chemical that could be oxidized 6 by ROS 32 . The intensity of DHE signal was significantly lower in the presence of 8C after I/R
7
( Figure 2H-2I ), indicating that 8C reduced oxidative stress after I/R. Moreover, 8C rescued the 8 myocardial SOD activity after I/R (Supplemental Figure 2) . Altogether, these results showed that 9 one major mechanism through which 8C improved cardiac function after I/R was to reduce the 10 oxidative stress and subsequent cell apoptosis.
12
To further investigate the effect of 8C on oxidative stress and apoptosis in cardiomyocytes,
13
neonatal rat ventricle myocytes (NRVM) were subjected to simulate ischemic reperfusion 16 
31
Increasing acetyl-CoA synthesis by 8C administration activated anti-oxidant genes 32 through stimulating histone acetylation after I/R injury.
34
8C can quickly enter into cells and become oxidized to generate cytosolic acetyl-CoA 34 and
35
contribute to histone acetylation in several cell types 12 , and histone acetylation plays an 36 important role in regulating cellular response to oxidative stress 35 . We therefore hypothesized 37 that 8C protected cardiomyocytes against I/R injury through stimulating histone acetylation. We 
41
CoA replenishment on histone acetylation, we measured H3K9ac, H3K14ac, H3K27ac and total
42
H3 acetylation in NRVM after sI/R. We found that sI/R led to a remarkable decrease of H3K9ac,
43
H3K14ac, H3K27ac and acH3, and that 8C increased histone acetylation in normal NRVM and
44
rescued sI/R reduced histone acetylation ( Figure 4C-4F ). These results indicated that acetyl-
45
CoA production by 8C rescued histone acetylation decrease after sI/R.
47
Acetyl-CoA is the substrate for histone acetyltransferases (HATs) to generate histone acetylation by transferring the acetyl-group from acetyl-CoA to histone lysine residues 36 .
H3K9ac has been reported as the histone acetylation most sensitive to acetyl-CoA levels 36 .
Consistent with this finding, we found that 8C led to most significant changes in H3K9ac after 1 sI/R. Thus, we reasoned that H3K9ac, which is enriched in promoters for gene activation, is one key epigenetic event for gene regulation after sI/R. To examine the potential epigenetic including HO1, NQO1, and SOD2 after sI/R (Fig 4J-4K) . Thus, these results showed an 8 epigenetic regulation of antioxidant genes by 8C-produced acetyl-CoA.
10
MCAD was required for the conversion of 8C into acetyl-CoA and subsequent histone 11 acetylation increase and heart protection 12 13 To ascertain whether 8C produced acetyl-CoA was important for the rescue of histone 14 acetylation after sI/R, we knocked down MCAD (Supplemental Figure 3A) , a key enzyme in the 15 generation of acetyl-CoA from 8C 37 . Knockdown of MCAD disrupted the metabolism of 8C, and
16
therefore led to reduction of histone acetylation promoted by 8C in NRVM in both normoxia and
17
sI/R condition ( Figure 5A ). Thus, these data indicated that metabolic production of acetyl-CoA 
28
demonstrated that MCAD-mediated 8C metabolism was essential for histone acetylation and
29
attenuating apoptosis through anti-oxidant process.
31
HAT enzyme Kat2a was required for 8C mediated histone acetylation to inhibit oxidative 32 stress in heart protection 33 34 HATs are the very enzymes that catalyze histone acetylation by transferring the acetyl-group 35 from acetyl-CoA to histone lysine residues. As H3K9ac is most sensitive to physiological acetyl-
36
CoA levels, we then hypothesized that HATs that acetylate H3K9 and are most responsive to played an essential role in combating heart injury after I/R.
Discussion
2
In this study, we have established an interlinked metabolic and epigenetic network comprising stimulates histone acetylation and promotes cardiomyocyte survival after ischemic reperfusion.
9
Our study further reveals that 8C-stimulated histone acetylation leads to increase of antioxidant gene expression for heart repair. Moreover, MCAD knockdown diminishes the 8C-induced 11 acetylation and subsequently lowers antioxidant activity after sI/R in vitro, indicating that the 12 metabolic conversion of 8C to acetyl-CoA is mainly responsible for histone acetylation and 13 subsequent heart repair effect. Furthermore, the effect of 8C on heart repair through acetyl-CoA 14 and subsequent nuclear histone acetylation is evidenced by Kat2a studies, as Kat2a knockdown
15
largely diminishes the protective effect of 8C after sI/R. Our study demonstrates systematically
16
for the first time that modulating acetyl-CoA abundance can determine cardiomyocyte response
17
to I/R injury via common metabolic and epigenetic mechanisms.
19
Our study reveals a novel mechanism centered on acetyl-CoA that connects metabolic 20 dynamics and epigenetic regulation in cardiac repair after I/R injury, and suggests that acetyl-
21
CoA could be a survival signal for cardiomyocyte after I/R injury. Our data show that I/R injury 
32
Our study indicates that histone acetylation is a major downstream event of 8C and acetyl-CoA
33
in heart repair after injury. Knockdown of Kat2a, a major HAT enzyme in catalyzing histone 34 acetylation, greatly diminishes the cardiomyocyte protective effect of 8C metabolism. Consistent
35
with this notion, 8C effect on elevating histone acetylation is largely abolished under Kat2a
36
knockdown conditions. Histone acetylation as a general epigenetic regulatory mechanism can 37 play essential roles in numerous cellular processes 41 . In this study, we have identified that 8C- genome-wide study will provide a complete picture of 8C mediated cellular processes in 44 combating heart injury.
46
Histone acetylation can also be regulated by HDACs 41 . Interestingly, studies by us and others
47
reveal that chemical inhibition of HDACs also leads to attenuation of myocardial infarction 15, 16 and heart failure 18 . Our recent work indicates that valproic acid, an FDA approved HDAC mediated transcriptional pathway 15 . In addition, SAHA, another HDAC inhibitor, blunts myocardial infarction via regulating autophagy activities 16 . Moreover, HDACi could alter the 
